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ABSTRACT 

The differences between manual, continuous, and 
oscillating plugging indicators in a sodium system are dis
cussed briefly. The experimental data presented were ob
tained with the manual and the oscillating plugging indicators. 

The initial resul ts showed that temperatures of man
ual plugging indicators did not agree with cold-trap tem
pera tu res as required by theory. Manual plugging runs were 
made to determine reasons for the large variation in tem
pera ture difference. The cooling rates were varied while 
maintaining constant plugging-indicator flow rate and cold-
trap tempera ture . These resul ts indicated the trend that at 
low cooling rates (approaching zero) the plugging tempera
ture would approach cold-trap temperature . 

Work at Los Alamos with the oscillating plugging 
indicator indicated the reasons for the* large variation ob
served with the manual plugging indicators. The manual 
plugging indicator used in our tes ts was modified into an 
oscillating plugging indicator, and successful runs were 
made in the temperature range of 269-400°F. Temperature 
changes of the cold t rap, and hence the impurity concentra
tion of the sodium in the system, were indicated on the tem
pera tu re t race of the oscillating plugging indicator. The 
tempera ture differential between the cold trap and the man
ual plugging indicator was indeed reduced by operating in 
the oscillating mode. 

P rema tu re precipitation was identified as an impor
tant factor in the operation of the oscillating plugging indi
cator. If the heating and cooling area of the plugging indicator 
is such as to allow precipitation of the impurities ups t ream 
from the orifice, then it becomes impossible to operate the 
device in the oscillating mode. Also, species other than 
oxide were evident in the test runs. 





I. INTRODUCTION 

The plugging indicator is an instrument that measures the satura
tion tempera ture of an impurity in a liquid metal such as sodium. It con
sists of a constriction in a tube through which the metal flows, a means of 
cooling the metal and measuring its temperature at the constriction, and a 
flowmeter in se r ies with the constriction to measure flow variat ions. As the 
liquid metal is cooled, impurity saturation temperatures are reached, and 
impuri t ies precipi tate and deposit in the constriction, thus reducing metal 
flow. The tempera ture at which the flow begins to decrease is called the 
"plugging t empera tu re . " For liquid sodium, the plugging temperature has 
been associated with the saturation temperature of sodium oxide, and oxide 
contents have been obtained from the solubil i ty-temperature relationship. 

As operating experience with manual models of plugging indicators 
in sodium increased, it became apparent that the plugging temperature was 
related not only to the oxygen concentration but also to the flow rate and 
cooling rate of the sodium. The plugging temperature , then, was not neces
sari ly an accurate measure of an impurity concentration or of the true 
saturation tempera ture . The difference between the plugging temperature 
and the saturation tennperature was clearly il lustrated by workat Los Alamos 
with an oscillating plugging indicator and by work in England with the con
tinuous plugging indicator. The manual plugging temperature was shown to 
be below the t rue saturation temperature and related to the finite concen
tration difference necessary to initiate precipitation in the orifice. 

Deposits other than sodium oxide are possible in the plugging-
indicator orifice and, sometimes, two different species may deposit at the 
same t ime. Usually, however, NajO is assumeS to be the impurity p r e 
cipitating, and the plugging temperature is converted into oxygen concen
tration units by means of oxygen solubility data, such as those of Rutkauskas. 
In most instances, NaaO precipitation may be a valid assumption, but more 
work is necessa ry to clarify this point. At present , the real value of the 
plugging indicator is not in determining oxide concentration, but in deter 
mining whether deposits are accumulating and thus causing sodium lines to 
plug. Also, the use of the plugging indicator in conjunction with the cold t rap 
is very helpful. Both units operate on the same principle, and the plugging 
indicator is a convenient means of determining when the operation of a cold 
t rap is advisable and when its effectiveness is minimal. As shown in Sec
tion III, when the plugging indicator is operated in conjunction with a cold 
t rap, the saturation tempera ture of the plugging indicator usually co r r e 
sponds to the cold-trap tempera ture . 





II. THE PLUGGING INDICATOR CIRCUIT 
AND MODES OF OPERATION 

Figure 1 shows two models of a plugging indicator. The first, shown 
in Fig. IA, consists of a flowmeter, a forced-air cooling section, an orifice 
valve, and a thermocouple. An orifice valve is a sodium service valve that 
has a notch ground into the stem so that when the valve is in the closed posi
tion the notch acts as an orifice. To clear the orifice, all one has to do is 
open the valve restor ing the sodium flow. The second model, shown in 
Fig. IB, incorporates a heat exchanger with cooling fins and an orifice plate 
with either a single opening or several openings. Both of these designs are 
representat ive of the many manual plugging indicators in service today. 

-FLOWMETER 

"71 

H„ ^FLOWMETER / 
N" ^THERMOCOUPLE 

A. Sitnple Plugging Indicatoi B. Regenerative Plugging Indicatoi 

Fig. 1. Component Airangement in Typical Manual Plugging Indicators 

As the s o d i u m flows t h r o u g h a p l u g g i n g - i n d i c a t o r c i r c u i t , it i s cooled 
a t one poin t to n e a r l y i t s f r e ez ing t e m p e r a t u r e . The s o d i u m e n t e r i n g the 
c i r c u i t i s u s u a l l y at 600°F . T h u s , the m a x i m u m change in v i s c o s i t y and 
d e n s i t y of the s o d i u m as a r e s u l t of cool ing i s f r o m 0.284 to 0.705 c P and 
f r o m 0.882 to 0.927 g / c m \ The m a s s flow of s o d i u m at any one point in 
the c i r c u i t wi l l a lways equal the m a s s flow at any o the r point in the s a m e 
c i r c u i t . The v o l u m e flow r a t e wi l l change a c c o r d i n g to the d e n s i t y v a r i a 
t i o n s . T h e r e f o r e , if a f l o w m e t e r tha t m e a s u r e ' s the vo lume flow r a t e i s 
e m p l o y e d , it should be loca t ed in a c o n s t a n t - t e m p e r a t u r e r e g i o n . If it i s 
not , the m a x i m u m change in flow r a t e a t t r i b u t a b l e to the change in s o d i u m 
d e n s i t y in the flowmeter would be a p p r o x i m a t e l y 5%. In a s i n g l e - o r i f i c e 
p lugging i n d i c a t o r , w h e r e the l a r g e s t p r e s s u r e d r o p is a c r o s s the o r i f i c e , 
the t e m p e r a t u r e - a s s o c i a t e d flow c h a n g e s wi l l be p r o p o r t i o n a l to the s q u a r e 
roo t of the change in s o d i u m d e n s i t y . The m a x i m u m flow change due to 
th i s f a c t o r , a s s u m i n g the change in s o d i u m t e m p e r a t u r e î s f r o m 600 to 
220°F, is 22%, a s c a l c u l a t e d by the o r i f i ce - f low equa t ion . 

A. Manua l P lugg ing I n d i c a t o r 

The m a n u a l plugging i n d i c a t o r i s a plugging i n d i c a t o r of no p a r t i c 
u l a r d e s i g n but of a p a r t i c u l a r m o d e of o p e r a t i o n . The cool ing i s i n i t i a t e d 
m a n u a l l y , e . g . , by a c t i v a t i n g a cool ing fan, and s u b s e q u e n t l y the t e m p e r a 
t u r e a t the or i f ice and the flow r a t e t h r o u g h the o r i f l ce a r e m o n i t o r e d un t i l 





c o m p l e t e p lugging i s o b s e r v e d . The c o r r e s p o n d i n g t e m p e r a t u r e a t wh ich 

the flow t r a c e " b r e a k s " (a s ign i f i can t d e c r e a s e in the flow is o b s e r v e d ) i s 

t he p lugg ing t e m p e r a t u r e . The b r e a k qui te often i s difficult to d e t e r m i n e 

and i s t h e r e f o r e d e p e n d e n t on t he o p e r a t o r ' s i n t e r p r e t a t i o n as wel l a s the 

cool ing r a t e , e t c . T h e p lugging t e m p e r a t u r e thus ob ta ined d o e s not c o r r e 

spond to the s a t u r a t i o n t e m p e r a t u r e , wh ich i s 

OALLOHs PER MINUTE usual ly about 30-60°F higher because of the 

concentrat ion difference and finite t ime it 

takes to form a prec ip i ta te out of solution. 

F igure 2 i l lus t r a t e s this phenomenon.* 

The conventional b reak t e m p e r a t u r e s for the 

th ree plugging runs shown a r e 422, 419, and 

416°F, and the corresponding t rue sa tura t ion 

t e m p e r a t u r e s a r e 448, 447, and 443°F. The 

mode of operat ion shown is the pa r t i a l osc i l l a 

tion mode, or as it is somet imes called, the 

Fig. 2 

Compaiisonof the Manual-plugging-
indicatof Tempetatuie to the Tiue 
Impuflty-saturation Tetnperature as 
Measured by the Unplugging Mode 

unplugging mode; i .e. , once precipi ta t ion in the 

orif ice has s tar ted , cooling is discontinued and 

heat is applied to red isso lve the p rec ip i t a t e . 

When the ra te of precipi ta t ion is equal to the 

ra te of dissolut ion, equi l ibr ium obtains and the 

corresponding t e m p e r a t u r e s a r e the equi l ibr ium 

saturat ion t e m p e r a t u r e s (the min ima in the flow 

t r a c e ) . The unplugging mode conveniently i l lus 

t r a t e s the difference between the osci l lat ing and 

the manual modes of operation. 

B . Con t inuous or A u t o m a t i c Mode of O p e r a t i o n 

T h e con t inuous or a u t o m a t i c m o d e of o p e r a t i o n is a t t r i b u t a b l e to the 

French^'* ' and the B r i t i s h ^ ' ' w o r k e r s . The m a i n f e a t u r e s of t h i s m e t h o d a r e 

tha t the cool ing r a t e i s c o n t r o l l e d to m a i n t a i n a c e r t a i n fixed flow r a t e , and 

the t e m p e r a t u r e at the o r i f i ce i s then the s a t u r a t i o n t e m p e r a t u r e . Sodium 

p a s s i n g t h r o u g h the o r i f i c e e i t h e r d i s s o l v e s or p r e c i p i t a t e s an i n f i n i t e s i m a l 

a m o u n t of the i m p u r i t i e s , and n e a r e q u i l i b r i u m is m a i n t a i n e d at a l l t i m e s . 

T h i s m o d e of o p e r a t i o n i s e s p e c i a l l y a d v a n t a g e o u s at low s a t u r a t i o n t e m 

p e r a t u r e s (<250°F) . 

C. Osci l la t ing Mode of Operat ion 

In the osci l lat ing mode of operat ion, ' the t empera tu re of the plugging 

orif ice is cycled through a cer ta in range, causing the flow to cycle s imi l a r ly . 

••in Fig. 2 and all other figures showing the actual temperature and flow profiles, the profiles are offset by 
0.3 cm. A two-pen recorder was used to obtain these profiles. In these figures, the line drawn to interpret 
the temperature that corresponds to a flow maximum or a minimum is therefore offeet by 0.3 cm. 





The tempera tures corresponding to the minima and the maxima of the flow 
t race a re the impurity saturation tempera tures . Both these tempera tures 
should be equal; however, due to the thermal inertia of the system, there 
usually is a difference (see Fig. 9 la ter ) . The sodium temperature in the 
orifice is controlled by an on-off switch that is driven by the flow t race . 
A typical arrangement is shown in Fig. 3. The oscillating mode is, in fact, 
s imilar to the French-Br i t i sh continuous or automatic mode. The differ
ence is in the degree of ups t ream precipitation. The oscillating plugging 
indicator cannot be operated with ups t ream precipitation, whereas the 
continuous plugging indicator can. At low concentrations of impuri t ies , the 
oscillating mode automatically rever ts to the continuous mode. 

THERMOCOUPLE 

Fig. 3 
Oscillating Plugging Indi
cator Used in Tests 

III . S E L E C T E D E X P E R I M E N T A L R E S U L T S 

0.50 00. TUBE 

A. Experimental Apparatus and Procedure 

The resul ts reported in this section were obtained with a plugging-
indicator circuit such as shown in Fig. 3. Figure 4 shows the orifice detail. 
Figure 5 shows the sodium analytical loop (SAL) used in the plugging-
indicator test . The sodium in the main tank (approximately 120 lb) is main
tained at 600°F. The flowmeter 
in the plugging loop is located 
between the main sodium tank 
and an economizer, which is not 
shown in Fig. 5. The economizer 
(see Fig. 3) is used to cool the 
sodium to near the impurity satu
ration tempera ture , but not lower 
than the saturation tempera ture , 
for the sodium would be depleted 
of impuri t ies before reaching the 
orifice. The air blower, located 

THERMOCOUPLE 

Fig. 4. Plugging-tndlcatof Orifice Detail 
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d o w n s t r e a m f rom the o r i f i c e , 
b r i n g s the t e m p e r a t u r e of the 
s o d i u m in the o r i f i ce below the 
i m p u r i t y s a t u r a t i o n t e m p e r a 
t u r e and c a u s e s p r e c i p i t a t i o n 
in the o r i f i c e . 

When the s o d i u m flow 
in the c i r c u i t d e c r e a s e s be low 
a p r e s e t va lue , a h e a t i n g e l e 
m e n t in the a i r b l o w e r is a c t u 
ated by a c o n t r o l swi tch on the 
flow r e c o r d e r . T h e h e a t i n g e l e 
m e n t is m a i n t a i n e d in the on 
pos i t i on unt i l s o m e of the p r e 
c ip i t a t e in the o r i f i ce goes b a c k 
into so lu t ion . T h e s o d i u m flow 
then i n c r e a s e s to a second p r e 
se t (h igher ) v a l u e , at wh ich po in t 
the hea t ing e l e m e n t in the a i r 

b l o w e r i s d e a c t i v a t e d by a second c o n t r o l swi tch on the s a m e flow r e c o r d e r . 
T h e a i r b l o w e r i s a l w a y s in the on pos i t i on whi le the p lugging i n d i c a t o r i s 
be ing o p e r a t e d . In th i s m a n n e r , the flow m a y be cycled b e t w e e n any two p lug 
f r a c t i o n s of the o r i f i c e by s i m p l y s e t t i ng the hea t ing e l e m e n t on-off s w i t c h e s 
on the flow r e c o r d e r . If the s w i t c h e s a r e se t so that the o r i f i c e h a s s o m e 
d e p o s i t t h r o u g h the e n t i r e c y c l e , then the m e t e r i s sa id to be o p e r a t i n g in 
the o s c i l l a t i n g m o d e . F i g u r e s 9 -13 a r e good e x a m p l e s of t h i s o p e r a t i o n a l 
m o d e . T h e b a r e - o r i f i c e flow for t h e s e t r a c e s i s 0.24 gpm. If the c o n t r o l s 
a r e se t so tha t the d e p o s i t i s c o m p l e t e l y r e m o v e d be fo re the next cyc le i s 
e x e c u t e d , the m e t e r o p e r a t e s in the p a r t i a l o s c i l l a t i n g or unp lugging m o d e , 
a s in F i g s . Z and 8. The i m p u r i t y s a t u r a t i o n t e m p e r a t u r e i s the o r i f i c e 
t e m p e r a t u r e t h a t c o r r e s p o n d s to the m a x i m u m and m i n i m u m of the flow 
t r a c e in the o s c i l l a t o r y o p e r a t i o n a l m o d e and to the m i n i m u m of the flow 
t r a c e in t he unp lugg ing m o d e of o p e r a t i o n . At both the m a x i m u m and m i n i 
m u m of the flow t r a c e , the r a t e at wh ich i m p u r i t i e s d i s s o l v e i s equa l to the 
r a t e a t wh ich t h e y d e p o s i t . T h u s , the i m p u r i t i e s in so lu t ion a r e at , or v e r y 
n e a r , e q u i l i b r i u m wi th the i m p u r i t i e s t ha t have been d e p o s i t e d in the o r i f i c e , 
and the c o r r e s p o n d i n g t e m p e r a t u r e ( s ) i s the i m p u r i t y s a t u r a t i o n t e m p e r a t u r e . 

It i s not n e c e s s a r y to h a v e an e c o n o m i z e r in front of the o r i f i c e a s 
shown in F i g . 3; the e c o n o m i z e r m e r e l y h e l p s to m a i n t a i n an even t e m p e r a 
t u r e in the m a i n s o d i u m tank . H o w e v e r , wi th th i s a r r a n g e m e n t , h e a t i s 
r e m o v e d a t o r d o w n s t r e a m f r o m the o r i f i c e , and the c o o l e s t p o r t i o n of the 
loop d u r i n g the cool ing cyc l e i s a s h o r t d i s t a n c e d o w n s t r e a m f r o m the o r i 
f i ce . D e p o s i t i o n s t a r t s h e r e on the i n t e r i o r w a l l s and w o r k s b a c k unt i l it 
r e a c h e s the o r i f i c e . T h i s a v o i d s d e p o s i t i o n u p s t r e a m f r o m the o r i f i c e , 
wh ich a s no ted be low is d i s a d v a n t a g e o u s . 
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When the cooling air was directed at the economizer, as shown in 
Fig. 3, instead of at the economizer return loop, it was not possible to 
operate the plugging indicator in the oscillating mode. The flow oscillations 
decayed within two to four cycles to a flow value that indicated a part ial ly 
plugged orifice, and the continuous or automatic mode of operation resulted. 
Deposition and removal of the impurit ies on the economizer wall ups t ream 
from the orifice were believed to be responsible for this phenomenon. The 
resul ts of the manual plugging indicator were obtained on the same system 
with the same orifice, except that the cooling and heating were directed at 
the economizer and were actuated manually. 

The impurity levels throughout all our runs were controlled by 
operating the cold t rap at a predetermined temperature . The actual con
centrations of impurit ies and the species that were present were not de
termined for any of the oscillating-indicator runs . Distillation' analyses 
for oxygen were performed for the manual-indicator runs. In general, 
there was good agreement between the oxygen analysis whenever performed 
and the cold-trap tempera ture when an impurity was injected into the sodium 
system. The oxygen solubi l i ty-versus- temperature curve of Rutkauskas 
was used. 

B. Effect of Cooling Rates on Manual Plugging Temperature 

Results with the SAL manual plugging indicator showed that the 
manual-plugging-indicator temperatures did not agree with cold-trap tem
pera tures as required by theory. An effort was made to correlate the dif-
erence and to a s sess the reliability of the manual plugging indicator. In 
these runs, the sodium flow rate and cold-trap temperature remained nearly 
constant at 0.25 gpm and 456°F, respectively, a^d the cooling rate of sodium 

was varied from 0.6 to 25°F per 
minute. Figure 6 shows some of 
the resul ts . It may be seen that 
the manual plugging temperature 
is a function of the cooling rate of 
sodium and poorly correlated to 
the cold-trap tempera ture . Fig
ure 6 also shows that in runs with 
the lower cooling ra tes there is 
a tendency to approach the true 
saturation temperature . It is also 
true that at the lower cooling rates 
of sodium it is more difficult to 
establish where plugging started. 
Figure 7 shows a t race of an actual 

manual plugging indicator run at a cooling rate of 5°F per minute. Figure 7 
also shows a difference of 50°F between plugging and unplugging (350-400°F) 
and a measured oxygen content of sodium of 31 ppm corresponding to a sat
uration tempera ture of approximately 460°F. 

SOOIUM COOLING RATE . 

Fig. 6. Sodium Plugging Temperature vs Cooling 
Rate at Cold-trap Temperature of 456°F 
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(OXYGEN CONTENT IN SOOIUM-31 ppm MEASURED) 

0.05 GPM START PLUG 

START START 
REHEAT UNPLUG 

In s u m m a r y , the m a n u a l p l u g 
ging i n d i c a t o r i s a p o o r d e v i c e for 
d e t e r m i n i n g s o d i u m s a t u r a t i o n 
t e m p e r a t u r e s . 

C. R e s u l t s with the O s c i l l a t i n g -
m o d e P lugg ing Ind i ca to r 

Fig. 7. Plot of Actual Manual-
plugging-indicator Run 

F i g u r e s 8-17 a r e r e p r o d u c e d 
s e g m e n t s of the ac tua l r e c o r d e d t e m 
p e r a t u r e and flow p r o f i l e s . F i g u r e s 2 
and 8 show s o m e unplugging r u n s m a d e 
to c o m p a r e the p lugging t e m p e r a t u r e 

ob t a ined wi th a m a n u a l p lugging i n d i c a t o r wi th that of the o s c i l l a t i n g i nd i 
c a t o r . T h e r e a s o n for the d i f f e r e n c e h a s a l r e a d y been exp la ined by o t h e r s 
and ivas d i s c u s s e d b r i e f l y in Sec t ion IIL 

F i g u r e s 9 -13 show the t e m p e r a t u r e and flow t r a c e s for a co ld-
t r a p p i n g r u n . S t a r t i n g with the s o d i u m i m p u r i t y - s a t u r a t i o n t e m p e r a t u r e at 
360 ± lO^F, t he cold t r a p w a s o p e r a t e d to r e d u c e the i m p u r i t i e s to the 
l o w e s t l i m i t p o s s i b l e . The o s c i l l a t i n g p lugging i n d i c a t o r w a s t u r n e d on and 
o p e r a t e d con t i nuous ly ( a u t o m a t i c a l l y ) t h r o u g h the e n t i r e run , a p e r i o d of 
s o m e 18 h r . F i g u r e 9 shows the p l u g g i n g - i n d i c a t o r t r a c e at the beg inn ing 
of t h i s r u n , and F i g s . 10-13 w e r e t a k e n in tha t o r d e r f r o m the s a m e t r a c e 

GALLONS PER MINUTE 
0.30 0.20 0.10 0.0 

, GALLONS PER MINUTE 

0.15 0.10 0.05 0.0 

450 400 350 
DEGREES FAHRENHEIT 

Fig. 8. Effect of Cooling Rate on the 
Interpretation of Manual-
plugging-indicator Temperature 

450 4 0 0 350 3 0 0 25( 
DEGREES FAHRENHEIT 

Fig. 9. Trace of Oscillating Plugging 
Indicatof at Start of a Cold-
trapping Run 
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GALLONS PER MINUTE 

0.20 0.15 0.10 0 0 5 0,0 

4 5 0 4 0 0 350 3 0 0 25C 
DEGREES FAHRENHEIT 

Fig. 10. Trace of Oscillating Plugging 
Indicitot 2 hr after Initiation 
of Cold Trapping 

GALLONS PER MINUTE 

0.20 0.15 0.10 0.05 0 0 

450 4 0 0 350 300 250 
DEGREES FAHRENHEIT 

Fig. 11. Trace of Oscillating Plugging 
Indicator 4 hr after Initiation 
of Cold Trapping 

GALLONS PER MINUTE 

0 .20 0 15 0.10 0.05 0.0 

GALLONS PER MINUTE 

0.20 0.15 0.10 0.05 0.0 

450 4 0 0 350 300 250 
DEGREES FAHRENHEIT 

4 0 0 350 3 0 0 250 
DEGREES FAHRENHEIT 

Fig. 12. Trace of Oscillating Plugging 
Indicator 14 hr after Initiation 
of Cold Trapping 

Fig. 13. Trace of Oscillating Plugging 
Indicatot Showing Flow Arrest 
due to Sodium Freezing 
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450 400 350 

DEGREES FAHRENHEIT 
450 400 350 

DEGREES FAHRENHEIT 

Fig. 14. Trace of Oscillating Plugging Indicator, 
Showing Evidence for a Two-species 
Precipitation Process 

Fig. 15. Trace of Oscillating Plugging Indi
cator, Arrested at Approximately 
440OF to Prove Two-species Pre
cipitation Phenomenon 

GALLONS PER MINUTE 

0.20 0.15 0.10 0.05 

GALLONS PER MINUTE 
0.30 0.20 O.K) 

450 400 350 
DEGREES FAHRENHEIT 

500 450 400 
DEGREES FAHRENHEIT 

Fig. 16. Trace of Oscillating Plugging Indi
cator, Arrested at Approximately 
480°F to Prove Two-species Pre
cipitation Phenomenon 

Fig. 17, Trace of Oscillating Plugging 
Indicator Interpreted for Two 
Impurity Species 



at later in tervals . The flow t race remained between 0.15 and 0.18 gpm 
throughout the entire run, while the temperature t race dropped, indicating 
that impurit ies were removed by the cold t rap . The lowest saturation 
tempera ture attained was 269°F. Attempts to reach lower saturation tem
pera tu res resulted in sodium freezing downstream from the orifice. This 
blocked the flow completely, which in turn increased the sodium saturation 
tempera ture , as shown in Fig. 13. 

Note the difference in the flow t races in Figs . 9-12. The shape has 
remained approximately the same, but the amplitude has been reduced and 
the period increased. This can be explained as follows. As the sodium is 
purified, it takes a greater volume of sodium to supply enough impurities 
for plugging to occur. Thus, if the flow rate remains approximately the 
same, the amount of deposit is decreased and the time it takes to accumu
late the deposit is increased. 

F igures 14-17 show evidence for a second species, in addition to the 
oxide, that was detected in this ser ies of plugging runs. At the time of this 
observation, the sodium saturation temperature was approximately 450°F. 
The plugs were never removed for examination and identification of the 
second species or of the oxide. This second species is characterized by 
being much slower to precipitate and redissolve than the oxide, and by 
blocking a smal ler portion of the flow. Thus, this species probably is 
present in smaller amounts in sodium than the dissolved oxygen. 

Figure 14 i l lustrates the phenomenon as first observed. The plugging 
meter was being operated in the oscillating mode with a part ial ly plugged 
orifice. Clean orifice flow is 0.24 gpm. The oscillating flow t race shows 
that the minimum flow is about 0.13 gpm while'the maximum flow is i r r e g 
ular and decaying. On the third cycle, the heating period had to be extended 
manually to overcome the decay. This phenomenon was also observed in 
other runs when the meter was left in operation overnight. In these in
stances, the mete r appeared to have memorized a certain flow oscillation, 
which could be changed only with fairly severe temperature changes. This 
behavior was interpreted to mean that a second species along with the oxide 
was being precipitated in the orifice. The saturation temperature of the 
second species was above that of the oxide, and the rate of its deposition 
was much lower than that of the oxide. Thus, this second species deposited 
in the orifice throughout the entire heat-cool cycle, but only the portion 
deposited at the fast-flow part of the cycle remained; the res t was removed, 
with the oxide acting as a c a r r i e r . Thus, a layer of this second mater ia l 
was built up, covering the oxide not being cycled. Figures 15 and 16 i l lus
t ra te this phenomenon. Figure 15 shows a flow t race following several hours 
of plugging-indicator operation, after which the automatic cycling was sup
pressed and the temperature at the orifice was maintained at approximately 
440°F for one hour. The flow returned to the high rate of the cyclic opera
tion and remained fairly constant. Whenever this is done with cleaner 
sodium, the flow re turns to 0.24 gpm (unplugged-orifice condition). In the 
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present instance, however, a layer of the second species prevented complete 
dissolution of the oxide in the orifice. Figure 16 shows a similar experi
ment, except that the tempera ture in the orifice was raised to 480-490°F. 
The flow t race shows that the cycled oxide is removed quickly, but the layer 
of the second species is not removed at all until some temperature above 
450°F is reached, at which point the plug slowly dissolves and the flow r e 
turns to the bare-or i f ice value of 0.24 gpm. 

Figure 17 shows a flow t race with what appears to be two species, 
oxide plus the second species, being deposited and dissolved in appreciable 
amounts so that the history of one substance is superimposed on the other. 

IV. CONCLUSIONS AND RECOMMENDATIONS 

The manual plugging indicator is a poor device and the oscillating 
and the continuous plugging indicators are very useful devices for meas 
uring impurity saturation temperatures in sodium circuits . 

The oscillating and continuous plugging indicators can be used 
simply for monitoring purposes, or they can also be used for studies of 
impurity behavior in sodium with respect to cold trapping. A removable-
orifice plugging indicator would be very helpful, and efforts should be 
extended in this direction. Also, studies on precipitation ra tes of the 
different species and on seeding of orifices could extend the range of use
fulness of plugging indicators. 
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